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(54) A laser processing method to an optical waveguide 



(57) Laser ablation method for forming a hole for fit- 
ting an optical fiber only at a core portion without having 
to precisely match or accord the focus of a laser beam 
with the end surface of an optical waveguide. When a 
laser t>eam is irracfiated onto the erxl surface of the opti- 
cal waveguide, the focus of the laser beam is tumed 
away from the end surface of the optical waveguide and 
a region of the irradiation includes the core and the 
per^hery thereof. Thereafter, the energy of the laser 
t>eam is increased step tff step, and a few pulses 
thereof are radiated with the intensity fixed when at)la- 
tion occurs at the core portion, so that the hole is formed 
only at the core portion. 
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Description 

several \um in the case cf a single mode optical f ber 
of quartz, for example. Therefore, a stage device which 
moves with a very fine accuracy and a relative fong time 
Is necessitated for adjusting the core onto the core cf an 
optical waveguide. 

Then, in the prior art, methods for adjusting the 
core of an optical fiber and that of an optical waveguide 
by using convexo-concave Insertion are already krxTwn. 
as disclosed for example. In JP-A-Hei 5-11134 (1993) 
and Hei 2-33105 (1990). Further, methods for forming a 
hole for fitting the core of an optical f foer at a focus posi- 
tion are disclosed in JP-A-Hei 7-244222 (1995) and Hei 
7-248428(1995). 

In the disclosure of JP-A-Hei 5-11134 (1993), a 
hole for fitting is formed at the core portion of an optical 
waveguide with a micro drill, a micro end nrvll and an 
electrodeposition sharp^ing stona 

In the disclosure of JP-A-Hei 7-244222 (1995) and 
Hei 7-248428 (1995), a concavity Is formed through 
pressing a heated conic dianrK>nd pressure member to 
th end surface of a lens and a convexity which is 
formed at the point surface of an optical f ik>er is fitted 
into the above concavity. 

In the disclosure of JP-A-Hei 2-33105 (1990). by 
transmitting a monitor beam Incident into the core layer 
from one end surface of the core lay^ of an optical 
waveguide arxi by referencing the monitor beam ennit- 
ted from the other end surfoce of an optical waveguide, 
a CO2 laser is superposed on the nmnitor beam so as 
to form a concavity for inserting an optical f foer into the 
core portion. 

All of the methods disclosed in JP-A-Hei 5-1 1 134 
(1993), Hei 7-244222 (1995) or Hei 7-248428 (1995) 
ar not suitable for mass production since th^ require 
fine machining processes. 

In the method which uses a laser beam, as dis- 
closed in JP-A-Hei 2-33105 (1990), it is necessary to 
ascertain a focus position by referencing a nfK>nttor 
beam and to process by finely adjusting the position of 
an optical waveguide* on the stage device by very fine 
movements etc.. Therefore, it takes a long period of 
time, resulting In a poor yield. 

According to the present Invention, for resolving 
such drawt>acks mentioned atxyve. there Is provided a 
laser processing method to an optical waveguide, com- 
prising the steps of: forming a highly refractive core in 
which a light beam is to be transntrtted In a sufcjstrate as 
an optical waveguide; making absorptfon characteris- 
tics of the cae with respect to a laser beam superior In 
proportion to a refractive index of the core; radiating the 
laser beam onto a regfon which has the highly refractive 
core at one end surface of the optical waveguide, 
wherein an intensity of the laser beam is set at a value 
more than a threshoU value that is enough to cause 
fusion, evaporation or ablation to the core and less than 
to other portions of the regfon; so that a hole is formed 



only at the core portion of the region. 

For achieving the above processing, rt is necessary 
that tiie absorption characteristics of the core with 
respect to ttie laser beam vary in proportion to the 

5 refractive index. Also, it is necessary tfiat silver be intro- 
duced into the core portion in the form of, for example, 
Ag atoms, Ag colloids or Ag ions. 

By providing the portion which has good at>sorption 
characteristics with respect to the laser beam, it 

10 t>ecomes possftile to also use an excirrYer laser Includ- 
ing an XeF laser; an hJd:YAG laser; a Ti:Al2Q3 laser and 
a harmonk; thereof and a light beam whfoh is converted 
with respect to the wavelength thereof; or. a pigment 
laser; aKhough, conventionally, a laser beam which can 

75 form a hole through irradiating onto glass has been lim- 
ited to an exdmer laser including an ArF laser operating 
at a wavelength 193 nm, or a CC^ laser. 

The atxive laser beams can easily form a hole only 
at the core portion as a result of having a low absorption 

20 index thereof witii respect to the substrate which com- 
prises the optical waveguide. 

Brief Description of tfie Drawings 

25 FIG. 1 (a) through (h) are drawings for explaining 
tiie process of forming the core portion at the glass 
substrate which becomes the optical wavegukie; 

FIG. 2 Is a schematic diagram of an apparatus for 
30 the first ion exchange; 

FIG. 3 is a schematic diagram of an apparatus for 
the second ion exchange; 

35 FIG. 4 is a drawing for explaining the ion migration 
In the second k>n exchange; 

FIG. 5 shows the situation where the laser k>eam is 
radiated upon tfie optical waveguide produced by 
40 the method shown In FIG. 1 ; 

FIG. 6 is an enlarged cross-sectional view of the 
optical wavegukde whk;h is processed t)y the laser 
beam; arxi, 

45 

FIG. 7 is the same drawir^ as FIG. 5 according to 
anotiier embodiment 

Hereinafter, detailed explanation of the enrtodi- 
50 merits aocordirig to the present invention will t>e given 
by referring to the attached drawings. 

As shown in FIG. 1 (a), a metal film is formed on a 
surface of a glass substrate which is rnos^ made of 
Si02-B2Q3-Al203-f^20. by evaporation. As shown in 
55 FIG. 1 (b), a resist film is coated on the metal film. As 
shown in FIG. 1 (c), the restet film is treated with expo- 
sure and development processes by photdrttiography 
and a wavegukie pattern is formed. As shown in FIG. 1 
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(d), by etching the metal film via the resist film, a 
waveguide pattern is formed on the metal f Dm. Further, 
as shown in FIG. 1 (e), the resist film is removed and 
only the metal film is left on the surface of the glass sub- 
strate. 5 

The first Ion exchange is carried out on the glass 
substrate with an Ion exchange apparatus shown in 
FIG. 2. In the Ion exchange apparatus, a vessel of 
quartz is filled with nrK>lten salt which is a mixture of sil- 
ver nitrate arxJ sodium nitrate mixed at 50 mol% - 50 io 
mol%. and the atx>ve glass sUbslrate is dipped for 12 
minutes in the molten salt, the tenperature of which is 
kept at 300 C° by means of an electric furnace. Then. 
Na Ions (a positive ion of a monovalent) on the surface 
of the glass substrate are eluted, and as shown In FIG. is 
1 (f), Ag lor^ In the molten salt are diffused Into the 
glass substrate. The thickness of the layer, into which 
the Ag ions are dffused. Is measured by an X-ray miao 
analyzer and is found to be alxxit 3 pm. 

Thereafter, as shown in FIG. 1 (Q. the metal film 20 
(masl^ Is removed, and the second ion exchange is car- 
ried out on the glass substrate with an Ion exchange 
apparatus shown In FIG. 3. In the Ion exchange appara- 
tus, a vessel Is filled with molten salt which is a mixture 
of sodium nitrate and sodium nitrite mixed at 37.5 nfK>l% 25 
• 62.5 mol%. a positive electrode and a negative elec- 
trode are cfipped therein, and the ion exchange Is car- 
ried out for 1 hour while impressing an electric field of 
150V/mm across the vessel urxJer a temperature of 
260"C. 30 

By carrying out the ion exchange while impressing 
an electric fleki. as shewn in FIG. 4, although some of 
the Ag ions are exchanged for Na ions, the majority are 
diffused into the glass sitetrate. 

Through the above processing, as shown In FIG. 1 3S 
(h), a portion in which the concentration of Ag ions Is 
dense Is formed in the glass sut)strate, and this portion 
becomes a highly refractive core In which a light beam 
is transmitted, and an optical wavegiide is obtained. 
Measuring the diameter of the core, it is found to be 40 
about 3 pm. 

Next, as shown In FIG. 5, a laser k}eam is radiated 
onto one erKi surface of the above-descrbed optical 
waveguide. In the irracfiating process, the focus of the 
laser beam Is angled away from the end surface of the 45 
optical waveguide and a broader region comprising the 
core and the periphery thereof is Irracfiated. 

As the laser beam, there Is used a third (3) har- 
nrmic (waveler)gth of 355 nm) of an Nd-YAG laser; The 
pulse width of the laser t>eam is about 10 nsec. the so 
repetitive frequerx^ is 5Hz. and the dameter of the 
laser beam Is akxHit 6 mm k>elore being incident upon a 
focusing lens. To ra^ the energy density, the laser 
beam is condensed with the lens (focal length: 100 mm) 
and is radiated onto the end surface of the optical ss 
waveguide. The cfiameter thereof is about 500 pm on 
the end surface of the optical waveguide. 

In the above optical system. k>y increasing the 
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energy of the laser beam step by stepi ablation will 
occur at the core portion when the energy of the laser 
t>eam comes to be about 30 nrvjyif>utse. and 5 pulses 
thereof have been radiated. As a result, as shown in 
FIG. 6. a hole, the outer diameter of which is about 3 pm 
and the depth of which is about 2 pm. is formed at the 
core portion of the optical waveguide. As descrit>ed 
atx>ve, since the core diameter of an optical f ft>er is a 
few or several pm, the cae of the optical f it>er can easily 
be fitted into the core of the optical waveguide via this 
hole. 

As Is explained above, by the present Invention, it Is 
not necessary to precisely match or accord the focus 
position of the laser beam with the end surfece of the 
glass sut>strate. Therefore, by approximately adjusting 
Into an arisitrary position, the laser beam can be Irradi- 
ated onto the region indudng the core with some meas- 
ure of leeway. Thereafter, the energy of the laser k>eam 
Is increased step by step, and the intensity of the laser 
beam Is fixed when the ablation occurs at the core por- 
tion. 

Furthermore, as shown In FIG. 7. the irradiated 
angle of the laser k>eam can be oblique with respect to 
the end surface of the glass sut>strata 

By radiating the laser beam obliquely, as shown in 
this embodiment, it is possible to prevent the laser beam 
entering inside of the core and to avoid damage to the 
inside of the core. However, in a case where the laser 
beam Is incident from the ipper portion of the optical 
waveguide, since there is the possbility tfiat the core 
except the end surface may be damaged, it Is neces- 
sary to take into consideration the irracfiating position. 

The laser t>eam is not limited to a third (3) harmonic 
(wavelength: 355 nm) of an Nd-YAG laser and It is pos- 
sible to use an exdmer laser including an XeF laser, 
etc.. a second (2) harmonic (wavelength: 532 nm) of an 
Nd:YAG laser, a T1:Al2Q3 laser and a hamronic thereof 
and a li^ beam which is converted with respect to the 
wavelength thereof, or a pigment laser. 

Comparison 

As an optical waveguide, thallium ions are intro- 
duced, and a laser beam Is radiated onto the end sur- 
face of the optical waveguide In the optical system 
shown In FIG. 5. 

The ablation occurs at the end surface of the optical 
waveguide when the energy of the laser beam comes to 
be 80 mJ/pulse. and 5 pulses thereof have been radi- 
ated. As a result not only the core portion thereof but 
also the dadding portion around it evaporates, and the 
hole which is formed is unsuitat)le as a hole for fitting. 

As is explained above. t>y the present invention, in 
the case of forming a hole for fitting an optical ffoer. etc.. 
to the core portion by irradiating a laser beam onto one 
end surfac of th optical waveguide, through making 
th e absorption characteristics of the core with respect to 
the laser beam superior to the absorption characteris- 
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tics of the surrounding portions. Irradiating the laser 
beam onto the region including the core with som 
measure of leeway, furthermore, setting the intensity of 
the laser beam at a value more than a threshold valu 
that is erK)ugh to cause fusion, evaporation or ablation 
to the core, less than to the surrounding regions, rt is 
possible to form a hole only at the core portion without 
precisely adjusting the focus of the laser beam with 
respect to the position of the core, arxi consequently it 
is possible to sharply increase productivity in manufac- 
turing. 

By introducing silver into the sut>strate which com- 
prises the optical waveguide by means of the ion 
exchange, etc., in the fam of Ag atoms, Ag colloids or 
Ag Ions, it is possit)le to increase the refractive index 
and the at>sorption characteristics of the core with 
respect to the laser beam simultaneously. 

Furthemrrare, by increasing the absorption cfiarac- 
tertstics with respect to the laser beam. It is possible to 
make use of an excimer laser, an Nd:YAG laser, a 
Ti:Al2203 laser and a harnK)nic thereof and a light 
t>eam which is converted with respect to the wavelength 
thereof, or a pigment laser, which could not be used to 
process glass hitherto. 

Daims 



etc.; an Nd:YAG laser; a TiiAlaOs laser and a har- 
monic thereof and a light beam which is converted 
with respect to the wavelength thereof; or a pigment 
laser. 

5 
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1 . A laser processing method to an optical waveguide, 
comprislrYg the steps of: forming a highly refractive 
core in wfrich a light beam is to be transmitted in a so 
substrate; making absorption characteristics of the 
core with respect to a laser beam superior in pro- 
portion to a refractive Index of the core; and racGat- 

ing the laser beam onto a region. In which the 
above-mentk>ned highly refractive core is exposed, ss 
irKluding the core at the end surface of the optical 
waveguide; wherein an intensity of the laser beam 
is set at a value nme than a threshold value ttiat is 
enough to cause fusion, evaporation or ablation to 
tfie core and less ttian to other portions of tfte 40 
region so that a Me is formed only at the core por- 
tion of the regioa 

2. A laser processing metfKxJ to an optical waveguide 

as defined In dalm 1 , wherein an optcal axis of said 4s 
laser t>eam is ot)lique with respect to an axis of tfie 
core. 



3. A laser processing method to an optical waveguide 

as defined in claim 1, wherein the refractive Index so 
and the absorption cfiaracteristics of the core with 
respect to the laser t>6am are Increased t>y intro- 
ducing silver into the optical waveguide in the form 
of Ag atoms. Ag colloids or Ag ions. 

55 

4. A laser processing method to an optical waveguid 
as defined In dalm 1 or 2, wherein said laser beam 
is obtained from an exdmer teer Including an XeF, 
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FIG. 1 



(a) 

Evaporation of Metal Film 



Metal Film. 



Glass Substrate 



.Resist Film 



(b) 

Coating Resist Film 



Glass Substrate 



^Metal Film* 




(c) 

Exposure and Development 




Resist Rm, 



Metal Rlm^ 



(d) 

Etching 



Glass Substrate 



. Resist nim 



"Metal Rim 



(e) 

Removing Resist Film 



^Metal Film^ 



Glass Substrate 



^Metal Film^ 

^Ap nifftision 



(f ) 

Ag Ion Exchange 



Glass Substrate 



^Ag Diffusion 
Layer 



(g) 

Removing Metal Film 
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Glass Substrate 



Ag Difflision- 
Layer 



(h) 

Second Ion Exchange 



Glass Substrate 



-Core 
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FIG. 2 



Thermocouple 




Molten Salt 



Electric Furnace Glass Vessel of Quartz 



FIG. 3 




Glass Substrate 
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FIG. 4 



Side of Positive Electrode 




Side of Negative Electrode 



FIG. 5 



Laser Beam 




Lens 
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Optical Waveguide 
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